During range expansion, invasive species can experience new thermal regimes. Differences between the thermal 33 performance of local and invasive species can alter species interactions, including predator-prey interactions.
Introduction
Local copepod cultures:
152
Adult gravid female copepods were collected from the edge of Longside Lake in Egham, Surrey, UK using a 53 153 micron sieve (Reefphyto Ltd, UK) in August of 2018. Separate cultures were started from each gravid female.
154
The copepods were kept in 3 L containers of spring water (Highland Spring, UK) at a 12:12 light/dark cycle, 155 and 20 ± 1°C, a temperature previously found to increase the portion of their life cycle spent in the reproductive 156 phase (Laybournparry et al., 1988) . Chilomonas paramecium and Paramecium caudatum were provided ad 157 libitum as food for the copepods, and boiled wheat seeds were added to the containers to provide a food source 158 for the ciliates (Suarez et al., 1992) . Adult copepods were identified as Macrocyclops albidus (Jurine, 1820) and temperatures are expected to increase in the coming decades (Zidon et al., 2016) . Larvae were fed fish food 169 (Cichlid Gold Hikari®, Japan), and adults were given 10% sucrose solution and horse blood administered 170 through a membrane feeding system (Hemotek®, Blackburn, UK).
172
Design of functional response experiments:
174
Adult non-gravid female copepods, identified by larger relative size, were removed from their culture and each 175 was placed in a Petri dish (diameter: 50 mm, height: 20.3 mm) holding 20 mL of spring water. At approximately 176 11am, the copepods were placed in three different controlled environments set to 15 ± 1, 20 ± 1, and 25 ± 1°C, 177 all at a 12:12 light/dark cycle to begin a 24 h starvation and temperature-acclimation period for the predators 178 ( Fig. 1) . Each combination of copepod species (M. albidus or M. viridis) and temperature had 28 copepods, each one held in its own Petri dish; there were 168 copepods in total ( Fig. S3a ). Ten additional gravid females were 180 randomly selected from each species of copepod and preserved in 80% ethanol solution for size measurements.
182
At noon, groups of 87 newly-hatched Ae. albopictus larvae (Supplementary Material) were each pipetted into a 183 small plastic tub containing 150 mL of spring water to strongly dilute any residual food from the hatching 184 media. Each tub of 87 larvae was then split into seven Petri dishes each containing 20 mL of spring water and 185 the following larval densities: 1, 2, 4, 8, 16, 24, and 32. All larvae were counted into dishes at room temperature 186 and then divided into the three different controlled environments, allowing a 12 h temperature acclimation 187 period before predator introduction ( Fig. 1 ). For each combination of copepod species and temperature, there At approximately 11am the next day, the copepod predators held at three different temperatures were introduced 197 to larval Petri dishes of matching controlled temperatures (Fig. 1) . The copepods were removed after a 6 h 198 period of predation ( Fig. 1) , which follows the schedule of similar previously-conducted experiments (Cuthbert et al., 2018a , Cuthbert et al., 2019 . Each copepod was preserved in 80% ethanol and labelled to match its larval 200 Petri dish so that its body size could later be measured and matched to the larval count data. Immediately 201 following the removal of the copepods, the number of surviving larvae in each Petri dish was counted and 202 recorded. In addition, the body lengths of the 10 gravid females selected from each species of copepod, as well 203 as the body lengths of all copepods included as predators in the functional response experiments, were measured 204 from the front of the cephalosome to the end of the last urosomite (Dussart and Defaye, 2001) .
206
Design of predation efficiency experiment:
208
In addition to functional response, predation efficiency has previously been measured to assess copepod 209 predators of mosquito larvae (Baldacchino et al., 2017) . We measured predation efficiency using a constant 210 density of 24 larvae in 20 mL of spring water. This density was chosen from the higher end of the range of 211 densities used in the functional response experiments, where the curves generally start to plateau (Juliano, 2001) 212 ( Fig. 2a ).
214
Ae. albopictus larvae were hatched (Supplementary Material) and any residual food was diluted in spring water 215 following the same procedure used for the functional response experiments. Adult non-gravid female copepods 216 were each placed in a Petri dish at approximately 11am for a 24 h period of starvation and acclimation to three 217 different temperature settings: 15 ± 1, 20 ± 1, and 25 ± 1°C, all at a 12:12 light/dark cycle (Fig. 1 ). The largest 218 non-gravid copepods of each species were selected to minimize the risk of selecting males or immature stages.
219
The Petri dishes containing larvae were split into the three different temperature settings 12 h prior to the 220 introduction of copepod predators, and there was a 6 h period of predation between 11am and 5pm ( Fig. 1) . At 221 the end of the 6 h period, the copepods were removed, and each was stored in 80% ethanol and labelled 222 according to its larval Petri dish. The number of surviving larvae in each Petri dish was recorded immediately 223 after removing the copepods.
225
At each of the three temperature settings, there was a total of 24 Petri dishes, each containing 24 larvae (1,728 226 larvae across all temperatures); the 24 dishes were divided into three groups (n = 8): one with M. albidus 227 predation, one with M. viridis predation, and one as a control (Fig. S3b ). Every predator treatment was matched 228 to a control that had been held at the same temperature ( Fig. S3b ). Each temperature setting had a total of 192 control larvae. Larval background mortality was 5% at 15°C, 11% at 20°C, and 3% at 25°C. A total of 24 M. 230 albidus and 24 M. viridis copepods were used in this experiment. The body lengths of these copepods were 231 measured after each was preserved in 80% ethanol.
233
Functional response curve analysis:
235
The general shapes of the functional response curves were determined for each combination of copepod species were due to insufficient body length of the copepod indicating that these predators could have been either males 246 or immatures, rather than adult non-gravid females.
248
Mortality of Ae. albopictus larvae was observed in controls for five out of the six combinations of copepod 249 species and temperature. M. viridis predators at 25°C was the only group without larval mortality in any of the 250 controls. For M. albidus, across all control larvae (n=87) at 15°C, three deaths were observed (3% mortality); 251 four deaths were observed at 20°C (5% mortality); and eleven deaths were observed at 25°C (13% mortality).
252
For M. viridis, two deaths were observed among control larvae at 15°C (2% mortality), and three deaths were where dN/dt is the change in prey density over time, b is the attack coefficient, q is an exponent that can fall 260 between a type II response (q = 0) and a type III response (q = 1), h is the handling time, P is the predator 261 density, and m is the mortality rate (Rosenbaum and Rall, 2018).
263
Since background prey mortality should not alter the general shape of the functional response curve 264 (Rosenbaum and Rall, 2018) , the q parameter was fixed to either 0 or 1 based on the results of the "frair_test" Two linear regression models were fitted to explain predation efficiency. The first tested temperature and 283 copepod species as predictors (eqn S1), and the second tested copepod body mass in place of species (eqn S2).
284
Both models were also fitted without temperature predictors (Supplementary Material). 
309
Attack coefficient estimates are higher for M. viridis than for M. albidus in some instances. However, there are 310 no significant differences between any of the six estimates due to copepod species, temperature, or any 311 interaction of those variables (Fig. 2b) . Similarly, the lower handling time estimates for M. viridis are not 312 significant; thus, no differences can be attributed to copepod species, temperature, or an interaction of those 313 predictors ( Fig. 2c ). For both parameter estimates, M. albidus predation at 25°C has the largest standard error; 314 this is likely due to the relatively high background mortality observed in this group (Fig. 2b, 2c ). 
322
Predation efficiency:
324
Predation efficiency values ranged from 5.0% to 58.3%, with a median of 21.7%, and a slightly right-skewed 325 distribution (skewness = 0.61, kurtosis = 2.9).
327
A linear model testing copepod species and temperature category as predictors of predation efficiency explained 328 6.8% of the variance in predation efficiency ( Material, Fig. S4 ).
358
The body mass difference between copepod species was greater in the predation efficiency experiments than in 
379
Our handling time estimates (Fig. 2c ) are likely over-estimations of ingestion time and may also include some of 380 the predators' search time. Although a cyclopoid copepod has previously been observed eating a chironomid 381 larva for more than 30 minutes (Fryer, 1957a) , another study states that a mosquito larva is usually consumed within a few minutes (Marten and Reid, 2007) . A previous study that compared directly-observed handling 383 times to handling times fitted by functional response calculations found that the directly-observed handling 384 times were significantly lower than the fitted handling time estimates (Poole et al., 2007) . However, when 385 handling time was assumed to include both the time that the predator takes to move to the prey, and the 388 on bumping into … prey during the course of … meanderings" (Fryer, 1957a) . Thus, it is plausible that 389 inefficient searching made up a large portion of our handling time estimates (Fig. 2c ).
391
We found that M. viridis was a significantly more efficient predator of Ae. albopictus than M. albidus (Tables 1   392 & S2, Fig. 3 ). An analysis of the gut contents of English Lake District copepods previously found that 15.7% of 393 M. viridis had consumed dipterous larvae, compared to only 7.4% of M. albidus (Fryer, 1957b 
407
The larger size of M. viridis contributes to the higher predation efficiency observed among that species against 408 Ae. albopictus (Fig. 3b) . When the binary copepod species variable (Table 1, Table S2 ) was replaced with a 409 continuous copepod body mass variable ( Table 2, Table S3 ), the adjusted R-squared values increased, and the 410 AICs decreased. The linear regression model with the highest adjusted R-squared value, 16%, was the model 411 with copepod body mass as the sole predictor of predation efficiency (Table S3 ). This adjusted R-squared value is still low, indicating substantial variation within the predation interaction. The positive relationship we 413 observed between copepod body mass and predation efficiency (Tables 2 & S3 , Fig. 3b ) is consistent with the 414 findings of a previous meta-analysis of crustacean predation of immature fish, which showed that the predation 415 rate was negatively related to the prey/predator size ratio (Paradis et al., 1996) . According to the theory that, at 416 equilibrium, "the rate of food intake is equal to the rate at which food is leaving the gut" (Charnov and Orians, 417 1973), our results suggest that M. viridis may have a higher gut clearance rate than M. albidus, possibly due to 418 its larger size.
420
Although higher predation efficiency was observed among M. viridis (Tables 1 & S2, Fig. 3 ), there were no 421 significant differences between the two copepod species in their functional response parameter estimates ( Fig.   422 2), perhaps because the predation efficiency experiment had a larger sample size of observations for each 423 combination of predictors, and therefore more power to detect differences. In addition, while the size difference Ae. albopictus eggs were collected from the colony on filter papers and stored in plastic bags containing damp 708 paper towels to maintain humidity. Stored egg papers were submerged in 3 mg/L nutrient broth solution (Sigma-
709
Aldrich © 70122 Nutrient Broth No 1) and oxygen was displaced by vacuum suction for 30 min. Immediately 710 following oxygen displacement, ground fish food (Cichlid Gold Hikari®, Japan) was added ad libitum. The 711 eggs were left in this solution at 27 ± 1°C for 12 h (Hanson and Craig, 1994) before the newly-hatched larvae 712 were counted (Fig. 1) where Y represents the predation efficiency; β0 is the Y-intercept; Species is a binary variable denoted as 0 for 726 M. albidus and 1 for M. viridis; Temperature20 is a binary variable denoted as 0 for 15°C and 1 for 20°C;
727
Temperature25 is a binary variable denoted as 0 for 15°C and 1 for 25°C; and ε is a random error term, assumed 728 ~N(0, σ 2 ). Forty-seven observations were included in the model; one was excluded because the copepod 729 predator (M. viridis at 25°C) was found to have died at some point during the 6 h predation period. The 730 statistical significance of each independent parameter estimate was analyzed at α = 0.05.
732
An additional linear regression model was fitted to test temperature setting and copepod body mass as predictors 733 of predation efficiency: 734 eqn S1 735 Y = β0 + β1(Mass) + β2(Temperature20) + β3(Temperature25) + ε 736 737 where Mass is a continuous variable referring to each copepod's body mass in mg; and all other notation is 738 identical to that used in the previous model.
740
Both linear regression models above were also fitted without any temperature predictors. Akaike information 741 criterion (AIC) values were calculated for model selection, and the Shapiro-Wilk test was used to confirm that 742 the residuals of each model were normally distributed. 
